Increases in cytosolic calcium ion concentration can be dissociated from the killing of cultured hepatocytes by tert-butyl hydroperoxide.
Digital imaging fluorescence microscopy was used to study the effect of tert-butyl hydroperoxide (TBHP) on the cytosolic free calcium concentration ([Ca2+]i) of single rat hepatocytes in primary culture. Within minutes of the addition of TBHP, individual hepatocytes displayed one or more peaks of increased [Ca2+]i that promptly returned to the prestimulation level. This was followed by a slower increase of [Ca2+]i that reached a plateau of 696 +/- 260 nM (basal 194 +/- nM) after 20 min. Another rise in [Ca2+]i, abrupt and much larger, preceded the death of the cells after about 45 min. Pretreatment of the hepatocytes with deferoxamine, a ferric iron chelator, or the addition of the antioxidants N,N'-diphenyl-p-phenylenediamine or catechol prevented the loss of viability. Neither the number of hepatocytes displaying the initial [Ca2+]i transients nor the magnitude of these oscillations was affected by deferoxamine, N,N'-diphenyl-p-phenyl-enediamine, or catechol. However, both the plateau phase and the abrupt rise in [Ca2+]i were prevented. Treatment of the hepatocytes with TBHP in a low calcium buffer (less than 2 microM Ca2+) reduced or abolished the initial [Ca2+]i transients and eliminated both the plateau phase and abrupt rise in [Ca2+]i. The onset of cell death was delayed by 10 min in the low calcium medium. Addition of 3.5 mM EGTA to the cultures lowered the basal calcium concentration, prevented both the initial [Ca2+]i spikes and the delayed changes, and further prolonged the onset of cell death. These data indicate that the killing of the cultured hepatocytes by TBHP can be dissociated from changes in intracellular calcium homeostasis. An influx of extracellular Ca2+ ions may aggravate somewhat the mechanisms of cell injury by an oxidative stress and accelerate the time of onset of cell death.